Late Jurassic and Cretaceous palynomorph assemblages were recovered from the Macomia, Pemba, and Mifume formations from the onshore Rovuma Basin, northern Mozambique. These assemblages provide new evidence for an Aptian-Albian age for the Macomia Formation and the upper member of Pemba Formation, and confirm that these two stratigraphic units are coeval and laterally continuous. The lower member of the Pemba Formation contains Kimmeridgian-Tithonian palynomorphs, thus documenting for the first time the existence of Upper Jurassic strata north of Nacala in the onshore Rovuma Basin. The rich and diverse dinoflagellate cyst assemblage recovered from the Mifume Formation is of late Campanian age. This indicates an early Late Cretaceous hiatus between the sandstones of Pemba Formation, and the marls of the overlying Mifume Formation. The hiatus corresponds to a break in sedimentation prior to a rapid, global marine transgression, recognised in the Rovuma and Mozambique basins, during the middle Campanian, associated with the onset of Gondwana fragmentation. Earlier, Late Jurassic faulting produced local half-grabens filled with continental debris, for example the N'Gapa Formation of northern Mozambique.
INTRODUCTION
The Rovuma Basin is a southern extension of the East Africa Basin and extends for about 400 km from southern Tanzania as far south as Nacala in northern Mozambique (Text- Figure 1 ). It has a maximum east-west width of about 160 km in northern Mozambique. The Mesozoic basin fill unconformably overlies Neoproterozoic to Ordovician igneous and metamorphic rocks of the Mozambique Belt. The onshore western margin is mostly defined by NNW-trending faults that form low scarp features bounded to the west by exposed Mozambique Belt rocks. In contrast to the much better studied Mozambique Basin of southern Mozambique, the stratigraphy of Rovuma Basin is poorly known (Coster et al., 1989; Daniels et al., 1977; Pinna, 1975; Salman and Abdula, 1995) . In 2005, geological mapping was carried out by the British Geological Survey (BGS), the Geological Survey of Norway (NGU), and the Mozambique Direcção National de Geologia (DNG) as a part of a World Bank-supported regional mapping project (Smelror, Key, Daudi, and Njange, 2006) . This survey studied the depositional environments, evolution, and structure of the basin, industrial minerals, and the potential for offshore hydrocarbon exploration. The survey of the onshore basin in Cabo Delgado province established the lithostratigraphy and structure as well as sampling for palynology and mineral studies . The objective of the palynology was the biostratigraphic dating of the formations mapped in the Rovuma Basin. This paper presents the results of the palynological analysis of the Macomia, Pemba, and Mifume formations. Together, with the early rift deposits of the N'Gapa and Rio Mecole formations, these units represent the Mesozoic succession in the Rovuma Basin within Mozambique. The two samples analyzed from the continental coarse clastics of the Rio Mecole Formation yielded no age-diagnostic palynomorphs, except for a single specimen of Araucariacites sp. in sample NGU 43218 which, in combination with the stratigraphic position of the formation, indicates an undifferentiated Jurassic to Early Cretaceous age.
LITHOSTRATIGRAPHY
A revised lithostratigraphy of the Rovuma Basin, onshore Mozambique was published by Smelror, Key, Smith et al. (2006) and Key et al. (2008) . It is based on fieldwork and the available literature. The new stratigraphic nomenclature uses place names in northern Mozambique for the lithostratigraphic units. The Macomia Formation was first described as sandstones exposed in southern Tanzania, and was previously termed the Makonde Beds. The Macomia Formation (Text- Figure 3A ,B) comprises 80-320 m of generally coarse-grained siliciclastic strata, predominantly conglomerates and sandstones with less common siltstones, which are locally graded. It extends across the Rovuma River and forms the Makonde Plateau of northern Mozambique. Hancox et al. (2002) determined the depositional setting to be a marginal marine lagoon with fluvial channels, overlain by cyclic braided rivers (i.e. a distal alluvial fan) and alluvial/marginal marine fans. Hancox et al. (2002) termed this unit the Maconde Formation; this unit was assigned a late Aptian-early Albian age.
To the south, in the Muaguide-Quissinga area, the Macomia Formation passes laterally into the marine Pemba Formation, which underlies the entire western and southern part of the Rovuma Basin. The Pemba Formation comprises sandstones, siltstones, and minor mudstones (Text- Figure 4A ,B). It was previously assigned to the 'Megatrigonia schwartzi Beds' and 'Aptian-Albian sandstones and marls' (Flores, 1960) . Civitelli (1988) used the terms 'Conglomerates and sandstones' and 'Belemnite bearing sandstones and marls' for the Pemba Formation. This unit represents coastal progradation into an open marine environment and is divided into three. These are, in ascending stratigraphic order, coarsening-upwards sandstones interbedded with limestones and mudstones; flaggy, well-bedded sandstone; and turbiditic interbedded mudstones, sandstones, and siltstones. The upper part of the Pemba Formation contains an abundant marine biota, including belemnites, bivalves, dinoflagellate cysts, and foraminifera, which indicate an Aptian-Albian age.
The boundary between the Pemba Formation and the overlying Mifume Formation is marked onshore by a major unconformity. The Mifume Formation (Text- Figure 5A , B), previously known as the Globotruncana Formation, consists of calcareous sandstones and intensely bioturbated marls with worm burrows. It is about 200 m thick west of Pemba, and 915 m thick in the Mocimboa-1 borehole (Salman and Abdula, 1995) . Civitelli (1988) assigned the Mifume Formation to the middle Campanian to middle Maastrichtian.
MATERIAL AND METHODS
This study is on one sample from the Macomia Formation, 10 samples from the Pemba Formation, and one sample from the Mifume Formation (Text- Figure 1 ). The samples were processed using standard palynological techniques at the Geological Survey of Norway (NGU), Trondheim, Norway and the slides are curated at NGU.
PALYNOLOGY
All the samples except 43228 contained well-preserved palynomorph assemblages. The abundance and diversity, however, exhibit considerable variation. Sample-by-sample lists of the palynomorphs recognized are given as Appendix 1. The highest abundances and diversities are in samples 43242, 46848, and 43277; these are from the Macomia, Pemba, and Mifume formations respectively. The lowest diversities are in samples 43230 and 43232 from the Pemba Formation, which only yielded freshwater algae. In the samples from the Macomia and Pemba formations, except sample 46848, both marine and terrestrial palynomorphs were encountered. In the one sample from the Mifume Formation and in sample 46848 from the Pemba Formation, marine palynomorphs only are present. In these two samples dinoflagellate cysts are dominant, and include age diagnostic forms. The palynomorphs recognized, with author citations are listed in Appendix 2. Selected microplankton taxa are illustrated in Plates 1 and 2. Flores and Blant (1973) , Civitelli (1988) and Hancox et al. (2002) assigned the Macomia Formation to the Early Cretaceous. Flores and Blant (1973) suggested an Early Cretaceous age for quartzose conglomerates and sandstones of the Macomia Formation, based on a correlation with dinosaur-bearing siliciclastic beds in Malawi. Civitelli (1988) noted that the Macomia Formation is gradually replaced by sandstones and siltstones to the east that include beds containing Megatronia schwarzi. He also showed 66 PALYNOLOGY, VOLUME 32 -2008 Text- Figure 2 . Stratigraphic framework of the Rovuma Basin (from Smelror, Key, Smith et al., 2006) . that the Macomia Formation passes laterally into the Pemba Formation (referred to as Porto Amelia Beds) towards the southeast. Here calcarenites, marls, and siltstones contain ammonites, belemnites, and foraminifera of Barremian to Albian age. Hancox et al. (2002) based their Early Cretaceous (late Aptian-early Albian) age for the Macomia Formation on terrestrial palynomorphs from an outcrop in the Macomia area. This was based on the dominance of Classopollis sp. and Exesipollenites in the lowermost part (unit 0) of this section, located near Muage. Analysis of the dark siltstone (sample 43242) from the distal, marineinfluenced part of the formation supports this age determination. The abundant Classopollis and Exesipollenites in this sample suggest a direct correlation to the Muage section. The dinoflagellate cysts Coronifera oceanica and Subtilisphaera perlucida in sample 43242 support an Aptian-Albian age for the Macomia Formation.
PALYNOSTRATIGRAPHY
The Pemba Formation has been dated as BarremianAlbian based on megafossils found in outcrops near Pemba (Flores, 1960) . These include the bivalves Entolium orbiculare and Megatrigonia schwarzi, and the Aptian ammonites Desmoceras falcistratum and Parahoplites cornueli. The Pemba Formation contains common belemnites including Duvalia grasiana which, according to Civitelli (1988) , indicates a Barremian-Aptian age. The samples analysed herein support an Aptian-Albian age for the upper unit (i.e. map unit 20 of Key et al., 2006) (Costa and Davey (1992) . The presence Odontochitina operculata and Xenascus ceratoides also suggests the middle to late Campanian, although an earliest Maastrichtian age cannot be excluded.
PALEOGEOGRAPHIC IMPLICATIONS
Syntheses on the development of the Rovuma Basin include Coster et al. (1989) , Salman and Abdula (1995) , and Key et al. (2006; . The basin is a southern continuation of the East African Basin that includes parts of the coastal plain and continental margins of Kenya and Tanzania. The Rovuma Basin extends for about 400 km from southern Tanzania as far south as Nacala, and has a maximum east-west width of about 160 km in northern Mozambique. The eastern offshore margin is formed by the Davies Ridge, which is a continent-ocean transform edge (Text- Figure 1) . The stratigraphic development of the Rovuma Basin is related to the progressive breakup of southwest Gondwana (Salman and Abdula, 1995) . Thin pre-rift to early syn-rift continental, fluvial, generally coarsegrained siliciclastic sediments of undetermined, but possible Late Jurassic or earliest Cretaceous, age lie unconformably on the Precambrian basement. These beds are PLATE 1
Microplankton from the Pemba and Mifume formations; the scale bar represents 30 µm. The NGU sample numbers and slide coordinates are shown in parentheses; EF = England Finder coordinates. locally preserved in half-grabens. Faults trending NNW, roughly parallel with the present coastline of northern Mozambique, controlled these half-grabens. The beds, which are assigned to the N'Gapa and Rio Mecole formations Key et al., 2008) , are kaolinised, reddened, and silicified. This was probably because they were deposited over a considerable interval in a warm and humid climate. The continental fluvial to deltaic Macomia Formation unconformably overlies the basement, and on the N'Gapa Formation west of Mueda, and passes laterally and vertically into the deltaic to marine siliciclastic Pemba Formation. The Pemba Formation thickens rapidly to the east across NNW-trending syn-tectonic faults. These resulted from crustal extension associated with active sea-floor spreading in the western part of the Indian Ocean. West of Pemba the Pemba Formation is informally subdivided into three units. These are a lower unit of interbedded limestones, mudstones, and sandstones, overlain by a middle unit of thick deltaic sands, which is in turn overlain by an upper turbiditic unit. These deltaic and shallow marine sediments extend onto the newly formed seafloor (Salman and Abdula, 1995) .
Prior to this study, Upper Jurassic deposits have only been identified in the southern Rovuma Basin (i.e. south of Nacala), where they occur overlying the Precambrian basement (Salman and Abdula, 1995 (Förster, 1975) . Upper Jurassic deposits are also found north of the Rovuma River in southern Tanzania (Aitken, 1961; Gröschke and Kapilima, 1995; Schrank, 1999; 2005) . However, during this period the depositional basins of southern Tanzania and northern Mozambique appear to have been separated by an elevated barrier. From the end of the Jurassic until Middle Cretaceous times, this highland was the primary source area for the Macomia Formation, whose proximal facies rest directly on the highlands to form the Makonde Plateau.
The Macomia Formation comprises mainly continental conglomerates and quartz-felspathic sandstones. Eastwards and southwards, the Macomia Formation passes laterally into the coeval middle and upper parts of the Pemba Formation. Mudstones from the proximal facies of the Pemba Formation (i.e. samples 43230 and 43232) have yielded common freshwater algae (Botryococcus and Palambages). These possibly indicate a lagoonal environment at the transition from the continental/deltaic settings of the Macomia Formation to the more open marine settings of the Pemba Formation. This supports the interpre-
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Mozambique Basin. Based on these observations Hancox et al. (2002) suggested: "…that the major transgression during the Early Cretaceous may either have been diachronous across Mozambique, which is unlikely if they are eustatically driven, or that the age assignations to these events may require revision". The present data from the marine Pemba Formation record three different, major transgressive episodes during the latest Jurassic and Early Cretaceous. The oldest transgressive episode represents flooding of the crystalline basement during the Kimmeridgian-Tithonian as documented by the basal calcareous sandstones, tation of Hancox et al. (2002) that the Muage-N'Guide fan complex in the Macomia area (i.e. the Macomia Formation) represents marginal marine lagoonal deposits with fluvial channels at entry points, overlain by cyclic braided rivers (distal alluvial fans), and alluvial/marginal marine fans. Hancox et al. (2002) suggested that intercalated marine deposits document two major transgressive episodes (i.e. transgressive system tracts) during deposition of the Macomia Formation in the type area. These authors suggested that these transgressive phases occurred within the late Aptian-early Albian. Earlier, Förster (1975) conglomerates, and limestones of the oldest Pemba Formation. Local faulting influenced the nature and age of these sediments. The second phase occurred during the Barremian. This transgressive phase, which is well defined in the southern Mozambique Basin (Förster, 1975) , is poorly documented in the Rovuma Basin. The belemnites from the Pemba Formation indicate a Barremian-Aptian age (Civitelli, 1988) . More conclusive evidence is the presence of recycled late Barremian dinoflagellate cysts and spores in the turbiditic sandstones of the upper Pemba Formation (sample 46848). It is possible that the reworked Barremian palynomorphs were derived from the middle unit of the Pemba Formation. The third transgressive phase is well documented by the extensive distribution of the AptianAlbian deposits representing the upper unit of the Pemba Formation, and by the late Aptian-early Albian marine intercalations in the Macomia Formation (Hancox et al., 2002) . Following the Early Cretaceous, in a later phase of the opening of the Mozambique Channel, there was a widespread transgression in eastern Africa in which calcareous muds accumulated along the continental margin and extended onto the continental slope. In the Rovuma Basin, the fossiliferous marine marl of the Mifume Formation unconformably overlies the Pemba Formation. This is, in turn, overlain by open marine limestones of the PaleoceneEocene Alto Jingone Formation. The middle Campanianmiddle Maastrichtian Mifume Formation contains common planktonic foraminifera and abundant dinoflagellate cysts confirming an open marine depositional setting. Besides the outcrops near Pemba, the Mifume Formation is well documented in the onshore Mocimboa-1 deep exploration well and from deep wells in southern Tanzania. Possibly the base of the Mifume Formation correlates to a rapid global transgressive event that took place in the middle Campanian. This may correspond to the middle part of the Globotruncana ventricosa Zone in Gradstein et al. (2004) , as suggested by the foraminifera (Civitelli, 1988) and marine palynomorphs. During the Late Cretaceous (late drift phase) the sedimentary environments became similar as both the Rovuma Basin and the Mozambique Basin became parts of the widespread East African continental basins.
CONCLUSIONS
New biostratigraphic data is presented from the Macomia, Pemba and Mifume formations of the Rovuma Basin in northern Mozambique. Well-preserved palynomorph assemblages were found in all three formations. A Late Jurassic age is confirmed for the lower part of the Pemba Formation. These are the oldest marine sediments in the Rovuma Basin of northernmost Mozambique. The Tithonian age compares with different Jurassic ages for the basal marine sediments preserved elsewhere in the Rovuma Basin, and the East Africa Basin in Somalia and northern Kenya. This indicates that local faulting occurred sporadically along what is now the east coast of Africa during the initial breakup of Gondwana. The local faulting controlled the ingress of seawater into the developing fracture system with marine sedimentation infilling local fault-controlled basins as they opened to the sea. The faulting therefore influenced the exact timing of the first major marine transgression and accompanying sedimentation. This faulting during the early stages of the break-up of Gondwana occurred during the 'early drift stage' of Salman and Abdula (1995) .
The earliest faulting associated with the breakup of Gondwana took place between 180 and 160 Ma (Toarcianearly Oxfordian) and can date the sediments of the N'Gapa and Rio Mecole formations preserved in half-grabens on the western side of the Rovuma Basin in northern Mozambique. The faulting occurred during the syn-rift stage of Salman and Abdula (1995) .
Subsequent faulting from Early Cretaceous times onwards accompanied continental crust extension associated with active sea-floor spreading. Aptian-Albian ages are confirmed for the marine facies of the upper Pemba Formation, and the continental sediments of the Macomia Formation. The latter had a highland source area that is now capped by proximal Macomia Formation strata on the Maconde Plateau. This divided the Rovuma basin into two marine sub-basins in southern Tanzania and northern Mozambique.
The data herein indicate a lateral transition from continental, deltaic and lagoonal settings for the upper Pemba and Macomia formations in northern Mozambique. This supports the earlier interpretation of Hancox et al. (2002) that the Macomia Formation includes a (Muage-N'Guide) fan complex in the type area. This complex includes marginal marine, lagoonal deposits with fluvial entry channels as well as distal alluvial fans and alluvial/marginal marine fans.
The data herein confirm the presence of sediments related to two major Early Cretaceous marine transgressions in the Rovuma Basin. The first of these is based on recycled late Barremian dinoflagellate cysts and spores in the upper Pemba Formation. Further work is needed on the middle and upper Pemba Formation to substantiate these preliminary findings. The second marine transgression is well documented by the extensive Aptian-Albian palynomorphs described by Hancox et al. (2002) and herein.
The base of the Mifume Formation may correlate to a rapid global transgressive event during the middle Campa-nian, corresponding to the middle part of the Globotruncana ventricosa Zone in Gradstein et al. (2004) . During this interval, the Rovuma and Mozambique basins became part of a united East African Basin. Marls and clays, including those of the Mifume Formation, were deposited along the whole continental margin of eastern Africa during the 'Late Drift Stage' of Salman and Abdula (1995) .
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